Abstract. The 10 mm thick Aluminum 6061 plates have been corner joined using varied design and those were 45ᴼ Corner Butt and Corner Lap Joints (CB-45 & CL). Friction tool was hardened EMS 45. True experimental method was used with independent parameters is feed rate which varied at 10 mm/min, 15 mm/min and 30 mm/min respectively. Other parameter such as rotating speed was kept constant. Experiment results show that, CB-45 yields better properties than CL. The tensile strength of CB-45 reaches 163.7 MPa for 10 mm/min feed rate. Whilst CL produces joint with tensile strength equal 120 MPa for equal parameters. Microstructure observation showed that CB-45 produces fine and homogenous appearance of MgO compared to CL. This phenomenon is caused by the pin of CB-45 joint which fully penetrates the nugget zone which is not found in CL design. This microstructure in turn promotes higher tensile strength of CB-45.
Introduction
Friction Stir Welding (FSW) offers some benefit that can overcome the drawback of fusion welding when applied to aluminum. Problems such as porosity, the existence of Al2O3 film, hot cracking and strength loss is exhibited in fusion welding beside others such as residual stress (Darmadi et al., 2014) . Mainly the problem of fusion welding is caused by phase transformation, from liquid to solid states (Darmadi et al., 2016) , which is not performed in FSW.
As it has been implicitly mention in previous paragraph, FSW is a solid phase joining technique on fabrication industry. Good quality single sided and double sided butt, "T", and lap joints. Invented in 1991, and was originally used to produce butt joints of aluminum alloys (Thomas et al., 1991) .
The Friction Stir Welding (FSW) is a solid-state, hotshear joining process which a rotating tool with a shoulder and terminating in a threaded pin. It moves along the butt surfaces of two rigidly clamped plates placed on a backing plate as shown in Fig. 1 .
The shoulder position is firm contact with the top surface of the work-piece. The heat generated by friction on the shoulder and a lesser extent on the pin surface, softens the material being welded. During FSW, heat is generated by friction between the tool and the work piece through via plastic deformation. The fraction of the plastic deformation energy is stored within the thermo mechanically processed region in the form defect densities increment (Nandan et al., 2008) Friction stir welding (FSW) is a friction welding, requires no added ingredients. The heat generated from friction between probe and workpiece. Probe spin at a certain speed then placed on a connection that has gripped material. Friction of both objects generate heat 0.8 point liquid workpiece (Tang et al., 1998) . Then the pin is pressed and moved in the direction of the weld line. Probe melting point and hardness are used in friction stir welding to be greater than the material being welded. Welding by the method of friction stir welding (FSW) is used for welding the same material (similar metal) or a material that is not the same (dissimilar metal) such as steel, stainless steel, aluminum with brass and possible to weld a combination of other materials which can not be welded by other welding method. resulting microstructure can be divided into four zones [4] as in figure 2 .
The FSW has become an efficient option of welding method for the same or dissimilar aluminum alloys, especially those which are difficult or impossible to be welded by the conventional fusion welding without any hot crackings, blowholes or distortions (Kazi and Murr, 2001 ), ( McNelley et al., 2008) . The welding corner welds need to have a filled in order for the weld piece to achieve high enough rigidity. To be able to create this fillet additional material needs to be supplied into the weld. The additional material then needs to be mixed with the welds and shaped into a fillet. Because of the 90 degrees angle of the weld piece and the shaping of the fillet, it is not possible to have a rotating Shoulder. This is a stationary Shoulder is needed to be able to create a corner weld. When trying to create a corner weld with normal FSW without wire feeding the Shoulder will cut into the weld piece creating a non-rigid weld as seen Friction Stir Welding is a new technique in the manufacturing industry, especially aluminum alloys. This non-consumable electrode technique makes use the heat generated by the rotating tool. Its deformation at the welding zone thereby affects the joint formation material into the solid state. The FSW has become an efficient option of welding method for the same or dissimilar aluminum alloys, especially those which are difficult or impossible to be welded by the conventional fusion welding without any hot crackings, blowholes or distortions (Padgett et al., 2003) , ( Ghosh et al., 2010) .
In Journal Friction Stir Welded T-joint optimization [10] . One of the conclusions says at 1000 rpm, a depth of 3.90 mm diameter probe and the ratio of the shoulder/investigations 2.5 will be obtained an optimum connection. The Fig. 3 shows the effect of different rotational speeds on the recorded welding thermal cycles. The thermocouples were placed on the mid-plane of the plate on the advancing side (AS). It is 10 mm away from the weld center. It can be seen the peak temperature increases from 252 to 330 °C with the rotational speed increasing from 400 rpm to 1000 rpm. Moreover, the typically elevated-temperature over 150 °C exposure time 150 chronological increases from 57 to 100 s as the rotational speed increases from 400 rpm to 1000 rpm (Wang et al., 2015) . 
Experimental procedures
In this study, the type 6061 aluminum material with dimensions of 150 mm x 70 mm x 10 mm. 6061 is a blend of pure aluminum with a Silicon (Si) and magnesium (Mg). Tool / probe used in the research process are made from medium carbon steel material EMS 45 which has undergone a hardening process. The function of the tool / probe is to make the material into plastic and stir the plastic material in the connection area. Design probes that will be used in the process by the method of friction stir welding on 6061 aluminum material, thickness 10 mm, the type of corner-Butt joint connection 45 (CB-45) and Corner-lap (CL) is as follows: The first experiments carried out with feedrate 10 mm/min and 2000 rpm spindle rotation obtained good results seen visually, wherein the upper surface of the weld looks neat and almost all surfaces exposed to friction. This occurs because the time spent in a very long which is 15 minutes, resulting in plastic conditions which formed more homogeneous. Then the plastic material will be stirred by the PIN evenly and will cause the connection to be better. The plastic material that occurs will be stirred evenly by the PIN, making the joints tidy and flat for C-B 45 and C-L types. Si (silica) as an alloying element in aluminum 6061 also makes good flow, thus making the plastic material surface smooth for CB-45 and CL types. See figures 9 and 10 on a feedrate of 10 mm / min.
In the second experiment performed with a feedrate of 15 mm / min and spindle rotation of 2000 rpm, the results obtained were less good, compared to the first experiment with a feedrate of 10 mm / min visually seen. The welding results of the top surface look unkempt, because the temperature distribution is lower, then the time used for the connection process is shorter. So that plastic conditions are not well achieved (less homogeneous), this will result in the stirring PIN cannot do perfect mortar, resulting in rough macro photo surface conditions. This will cause poor connection quality. This will result in the stirring PIN is not able to do mortar material with less plastic conditions. Then it will cause poor connection quality for CB-45 and CL connection type at feedrate 15 mm / min. Can be seen in Fig. 9 and 10 feedrate 15 mm / min.
In the third experiment conducted with a feedrate of 30 mm / min and spindle rotation of 2000 rpm, obtained macro photo results look rough, because the plastic condition is clearly not achieved and not flat on each shift probe that occurred. Visually this illustrates the pastis condition of a material stirred by an imperfect pin, causing a rough surface texture of the surface. Because the time to warm up is less, about 5 minutes to make the connection process. Causing the resulting low temperature distribution. Will result in connection quality happening happened blowhole, porosity, Rough on the nugget area Measurement of temperature distribution that happened at aluminum connection 6061 with friction stirs welding method using data logger. Then the time required for feedrate10 mm / min is 900 seconds, while the time required for feedrate15 mm / min is 600 seconds, and the time to feed rate 30 mm / min is 300 seconds. The temperature graphs generated in the process are as follows: Figure 11 . shows six temperature measurements on the welding friction stir welding process. In the first graph, the temperature distribution is generated with peak temperature reaching 434 0 C in 747 seconds. At this temperature plastic material will be easily achieved. So the PIN will stir the plastic material perfectly. This will cause the connection quality to occur either, not Blowhole. Then visually macro photos more neat, smooth, with better connection quality. While at the third temperature graph distribution is 220 0 C the temperature measurement occurs on the parent metal or 30 mm of the shoulder ( fig. 9 ).
In the measurement of temperature distribution friction stir welding is done with feedrate 15 mm/min position of CB-45 material Al 6061. In graph seen the first position indicates the distribution of temperature evenly in accordance with time reached. Peak temperature is 390 0 C in 545 seconds. This is enough to make plastic material on aluminum, but plastic material that formed less homogeneous, so that PIN will be difficult to do the mortar plastic material. Poor connection quality, can also blowhole material as result of low heat produced. Due to the FSW process will be good when the temperature reached is 0.8 liquid temperature (Tang et al., 1998) . (fig.  9 and fig. 10 ). Figure 10 . Before the process of grafting friction stir welding is done, the temperature of material Al 6061 is 30 0 C. Then the probe/ tool begins to enter (plunge) and swipes the aluminum material 6061 (weld process), the temperature of the aluminum material 6061 began to rise slowly at about 500 seconds reaching the temperature of 311 0 C. The time used is 5 minutes, the material length is 150 mm, so the low temperature does not reach 0.8 Tm. This plastic condition is not achieved, so the probe PIN is not able to stir the semi-solid material. The results shows that defects is found, not fully melted interface, porosity and not good visual texture (Fig.10 and Fig. 11 ). Fig. 12 explains In the process of friction for 15 minutes, the heat will be centered on the shoulder probe, temperature about 400 0 C, this occurs at a temperature difference thermocouple measurements. It can occur because of the position of the thermocouple within 20 mm from the center of the heat (Shoulder Probe). Fig. 11 .A shows the heat that occurs at the time of 8 minutes, the temperature distribution almost all temperatures approaching 350 0 C. This position close to the perfect plastic material would be causing the connection quality is also good. FSW process 14 minutes later the temperature distribution at 400 0 C nearly all plastic materials will be formed. So this will make the quality of the connection becomes stronger. (Fig 12.B) 
Temperature Distribution.

Micro Structure
In Fig. 13 , the 10 mm / min feed rate shows a very clear line of connections, which indicates good connection quality (supported fig. 11 ). Then the microstructure that occurred was obtained by a homogeneous plastic condition compared to the microstructure at the other feed rate because the temperature reached at 10 mm / min of high FSW process was 434 0 C. And the result of the plastic material PIN mix is more perfect, so it will obviously result in the mortar that occurs in the better microstructure photos, tensile stress will be high later. will form Mg5Si6 which dissolves dynamic recristallisation. This will decrease the mechanical properties and form a black precipitate. In the thermomechanically affected zone (TMAZ) region or area occurring on both sides of the stir zone, the structure looks coarser with a more dominant color of white. The black microstructure is the -Mg2Si phase mixed with the Fe (iron) element of the probe/ tool while the white color is the -Al phase.
At Feed rate 15 mm / min, and 30 mm / min, the microstructure is formed brighter. This is as a result of high feed rate speed, MgO oxide compound that formed less due to the processing time of 10 minutes and 5 minutes, and oxygen that reacts to form a small magnesium oxide compound.
Micro Vickers
The hardness test is aimed to know the hardness of welding friction stir welding. This hardness testing is done by using micro Vickers method with 100 gf or 0.1 kgf indenter load.
Fig 14. Points of microhardness vickers tests
Hardness testing is done on welding friction welding stirrer area with Indent point as much as twelve points to the right and left of the center of the welded joint.
Fig 15. MicroVickers graph Corner Butt CB-45
From Figure 15 ,17 can be seen that a feed rate of 10 mm/min, and 15 mm/min of mean hardness is higher than federate 30 mm/min. This can happen because the resulting temperature is low, then generated high temperature that is 306 0 C, and 243 0 C this will cause the content of Mg (Magnesium) on Aluminum to form oxide compounds that MgO will increase the hardness, as well as mechanical properties. When viewed from the X-Ray test occurs Peak, it shows a lot of magnesium content to form oxide compounds. With the reduction of magnesium in alloys 6061 will cause the hardness to fall, but magnesium will bind to the oxide to form a magnesium oxide (MgO) compound that causes the mechanical properties to rise. So from the theory and research data on the FSW process at high temperatures close to 0.8 TM at Al 6061 will result in increased hardness (Hasan et al. 2015) . Figure 19 , XR-D shows the magnesium content to form the oxide compound (MgO) more at a rate of 10 mm / min, this can happen because at a low O2 will bind more Mg about 150 o C. Consequently, the reduction of Mg in Aluminum and binding to the oxide causes the mechanical properties to rise. At a higher of 15 mm/min the oxide compound to form MgO will be lower. The highest tensile test value of 163.7 MPa at feedrate 10 mm/min could happen:
At low Feedrate will be generated high temperature distribution, resulting in a more widespread homogeneous plastic area. This large plastic area will affect the Tensile Test results.
In the Corner Lap joint, the Pin probe height which is rubbing against the line of connection is not in full contact with the plate thickness, so that the probe pin-stirred material is only partially. ut this not-so-thick corner connection design will make the plastic material more homogeneous, so that the mortar will be better than federate 15 mm/min, or 30 mm/min, and the tensile strength of the material is better.
Corner Butt 45 joint, high pin probe will stir the plastic material as thick as the material to be joined. With this mortar the connection quality will be stronger than the Lap Corner. Also the magnesium bonded to the oxide will be more evenly thicker as material.
Conclusions
The Welding material of aluminum 6061 comparison corner Butt joint 45 and corner lap using friction stir welding method can be concluded as follows: 1. Corner butt 45 joint with feedrate 10 mm/min has better result visually, micro structure, and temperature of 434 0 C. And the result of the connection has a smoother texture Compared to the corner lap joint. 2. From the SEM image, the microstructure, and the temparature distribution can be drawn to a red thread that is, the feedrate 10 mm/min microstructure shows a good connection, supported by the SEM test, this is due to the high peak temperature distribution. 3. Welding with feedrate 10 mm/min, and 15 mm/min average hardness higher, compared with 30 mm/min. Because Magnesium oxide is formed, and the peak temperature is high for corner butt 45 and corner lap. 
